Whether extension of lifespan provides an extended time without health deteriorations is an 60 important issue for human aging. However, to which degree lifespan and healthspan 61 regulation might be linked is not well understood. Chromatin factors could be involved in 62 linking both aging aspects, as epigenetic mechanisms bridge regulation of different biological 63 processes. The epigenetic factor LIN-53 (RBBP4/7) is required for safeguarding cell 64 identities in Caenorhabditis elegans as well as mammals and for preventing memory loss 65 and premature aging in humans. LIN-53 is a histone chaperone that associates with different 66 chromatin-regulating complexes. We show that LIN-53 interacts with the Nucleosome 67 remodeling and deacteylase (NuRD)-complex in C. elegans muscles to promote healthy 68 locomotion during aging. While mutants for other NuRD members show a normal lifespan, 69 animals lacking LIN-53 die early because LIN-53 depletion affects also the Histone 70 deacetylase complex Sin3, which is required for a normal lifespan. To determine why lin-53 71 and sin-3 mutants die early, we performed transcriptome and metabolome analysis and 72 found that levels of the disaccharide Trehalose are significantly decreased in both mutants. 73
Introduction 81
The decline of physical condition and the onset of diseases such as cancer, diabetes 82 or dementia are important issues during aging. Age-associated deterioration of health has 83 gained importance as the human life expectancy constantly increases worldwide. It has been 84 predicted that in 2050 adults over the age of 80 will triple compared to the year 2015 (Jaul & 85 Barron, 2017). Hence, an important aspect of aging is whether increasing lifespan would also 86 complex to ensure normal lifespan. To understand why lin-53 and sin-3 mutants have a 118 shortened lifespan, we analyzed the transcriptome as well as metabolome of mutant animals. 119
Loss of LIN-53 or SIN-3 leads to a strong decrease in Trehalose levels -a disaccharide that 120 is required for a normal lifespan (Y. Honda, Tanaka, & Honda, 2010) , (Seo, Kingsley, Walker, 121 Mondoux, & Tissenbaum, 2018). Restoring Trehalose levels by feeding, or genetically via the 122 Insulin/IGF1 signaling (IIS) pathway, suppressed the short lifespan of lin-53 and sin-3 123 mutants, supporting the idea that LIN-53 and SIN-3 are required to maintain a normal 124 lifespan via ensuring the homeostasis of metabolites such as Trehalose. 125
Overall, our findings suggest that the epigenetic factor LIN-53 links healthspan and 126 lifespan regulation in C. elegans. As LIN-53 is a highly conserved chromatin regulator with an 127 evolutionarily conserved role in cell fate safeguarding (Cheloufi et al., 2015; Tursun et al., 128 2011), (Cheloufi & Hochedlinger, 2017) , it is conceivable that its homologs regulate lifespan 129 and healthspan also in other species. Hence, our findings provide an initial framework for 130 elucidating how lifespan and healthspan regulation might be linked through epigenetic 131 factors, which could be of high relevance for human health and aging. 132
133
Results 134
Loss of LIN-53 results in muscle and locomotion defects 135
The role of the highly conserved histone chaperone LIN-53 in somatic tissues of C. 136 elegans is poorly understood. We therefore examined lin-53 null mutants and noticed a 137 severe movement defect for lin-53(n3368) animals. They exhibit decreased mobility on solid 138 agar plates ( Fig. 1A) as well as in liquid when compared to wild-type animals ( Fig. 1B) at the 139 larval L4 stage, young adult stage and as 2 day old adults. Such motility defects can point to 140 an impaired muscle apparatus, which prompted us to stain muscles and assess their integrity 141 in lin-53 mutants. Using fluorescent Phalloidin, which binds to F-actin fibers in muscles ( Fig.  142 1C), and an antibody against the myosin-heavy chain (MHC) component of body wall 143 muscles ( Fig. 1D ), we observed disrupted muscle structures in lin-53 mutants (Fig. 1C and 144 1D). The decline in muscle integrity upon lin-53 depletion is also evident based on animals 145 expressing a Pmyo-3::GFP reporter (Fig. 1E ). These muscle phenotypes in lin-53 mutants 146 are cell-autonomous effects as muscle-specific RNAi against lin-53, by using a hairpin 147 construct (myo-3p::lin-53 HP) also leads to muscle and motility defects ( Fig. S1A and S1B) . 148
Consequently, the muscle and motility defects in lin-53 mutants can be rescued by 149 expressing full length LIN-53 specifically in muscles using the myo-3 promoter ( Fig. 1F and  150 Fig. S1C). Interestingly, wt animals overexpressing myo-3p::lin-53 or myo-3p::GFP::lin-53 151 move significantly better than control animals suggesting that the overexpression of LIN-53 in 152 muscles has a beneficial effect to maintain the motility in adult animals ( Fig. S1D) . 153
Overall, our findings suggest that LIN-53 is required to maintain muscle integrity and 154 to prevent the decline of locomotion capabilities in C. elegans. 155 156
Loss of LIN-53 shortens lifespan 157
Since deterioration of coordinated movement is associated with aging (Herndon et al., 158 2002), we wondered whether lin-53 mutants suffer from a short lifespan. Lifespan assays 159 revealed that lin-53(n3368) mutants have an average lifespan which is around 40% shorter 160 than wt animals ( Fig. 1G and Table S1 ). A shortened lifespan is also evident in animals 161 carrying the CRISPR/Cas9-generated lin-53 null allele (bar19) ( Fig. S1E and Table S1 ). 162
Interestingly, the short lifespan of lin-53 mutants is not rescued upon overexpression of lin-53 163 in muscles (myo-3p::lin-53), which, on the other hand, rescues the motility defect as shown animals are due to the altered function of a distinct complex. We generated an RNAi sub-176 library targeting all known LIN-53 interaction partners and tested whether depletion of any of 177 the interaction partners phenocopies the observed muscle defects based on the Pmyo-178 3::GFP reporter ( Fig. 2A ). An impairment of muscle integrity became evident upon knock-179 down of genes encoding for NuRD complex members such as lin-61, lin-40, dcp-66, and, to 180 a lesser degree, let-418 and its paralog chd-3 ( Fig. 2A and 2B ). This observation was further 181 confirmed by immuno-staining of myosin (MHC) in mutant animals for NuRD-complex 182 members (Fig. S2A ), and motility assays ( Fig. S2B ) Overall, these findings suggested that 183 the muscle phenotypes caused by depleting lin-53 are due to affecting the NuRD complex. 184
To test whether LIN-53 physically associates with the NuRD complex in muscles, we 185 performed co-immunoprecipitation experiments coupled to mass spectrometry (IP-MS) using 186 muscle-specific expression of FLAG-tagged LIN-53. Our muscle-specific IP-MS results 187 revealed that LIN-53 interacts solely with chromatin-regulators that are part of the NuRD 188 complex ( Fig. S2C ), strongly suggesting that LIN-53 associates with NuRD in muscles. 189
Next, we tested whether loss of the NuRD complex would also phenocopy the short 190 lifespan of lin-53 mutants. Surprisingly, depletion of NuRD members does not affect the 191 lifespan of C. elegans but tends to rather increase lifespan as seen for let-418 mutants (Fig. 192 2C). This observation is in agreement with a previous report showing that let-418 mutants 193 display an extended lifespan (De Vaux et al., 2013) . Hence, in muscles, LIN-53 operates as 194 part of the NuRD complex to maintain muscle integrity but does not seem to function through 195
NuRD to ensure a normal lifespan of the animals. 196
197

Short lifespan of lin-53 mutants is phenocopied by sin-3 mutants 198
The observation that LIN-53 is required for muscle maintenance but not lifespan regulation 199 through the NuRD complex suggested that lin-53 links healthspan with lifespan maintenance 200 through different chromatin-regulating complexes. To identify through which complex LIN-53 201 maintains normal lifespan, we screened for a phenocopy of the short lifespan as seen in lin-202 53 mutants, using available mutants of known LIN-53 interacting factors ( Fig. 3) . A 203 phenocopy of the short lifespan as seen for lin-53 mutants was only detectable in sin-3 204 mutants ( Fig. 3A ), but not upon loss of any other known gene encoding a LIN-53-interacting 205 protein (Figs. 3B -3E). In C. elegans, the sin-3 gene encodes the core subunit of the Sin3 206 chromatin-regulating complex, indicating that, in lin-53 mutants, the integrity of the Sin3 207 complex might be affected, thereby causing the observed shortening of lifespan. This 208 conclusion is further supported by the fact that lifespan is not further decreased upon 209 depletion of lin-53 in sin-3 mutants arguing that both factors are involved in the same 210 regulatory context ( Fig. S3A ). Hence, LIN-53 and SIN-3 cooperate to ensure normal lifespan 211 in C. elegans. 212
In summary, LIN-53 is interacting with the NuRD complex in muscles where its loss 213 leads to a disruption of muscle integrity accompanied by locomotion defects. While affecting 214 the NuRD complex does not lead to a short lifespan, loss of the Sin3 core subunit shortens 215 lifespan, suggesting that LIN-53 regulates muscle homeostasis as part of the NuRD complex 216 independently of lifespan regulation, which occurs through the Sin3 complex. 217 218
Transcriptome of lin-53 mutants shows mis-regulated metabolic genes 219
The shortened lifespan upon loss of LIN-53 suggested that specific molecular pathways 220 might be affected in lin-53 mutants. In order to examine this possibility, we performed whole 221 transcriptome sequencing (RNA-Seq) and used both lin-53 mutant backgrounds n3668 222 (balanced) and bar19 (CRISPR allele) ( Fig. 4A ). Our analysis revealed that 5.799 genes are 223 differentially expressed in both lin-53 mutant backgrounds when compared to the 224 transcriptome of wild-type N2 animals (Figs. 4B and S4A). A number of muscle-related 225 genes such as hlh-1, unc-120, unc-52, and myo-3 are mis-regulated, which corresponds to 226 the described motility defects in lin-53 mutants ( Fig. S4B ). Interestingly, in both lin-53 mutant 227 backgrounds GO analysis (KEGG pathways) revealed a strong enrichment for differentially 228 expressed genes that play a role in metabolic pathways (Figs. 4C and 4D). Since loss of 229 SIN-3 phenocopies the short lifespan of lin-53 mutants we also performed RNA-Seq analysis 230 of the sin-3(tm1276) mutant background ( Fig. 4E ). Compared to lin-53 mutants more than 231 50% of the differentially expressed genes in sin-3 mutants overlap with those detected in 232 both lin-53 mutant backgrounds ( Fig. 4E ). Strikingly, GO analysis revealed a strong 233 enrichment for genes that play a role in metabolic pathways also for sin-3 mutants ( Fig. 4F ) 234
suggesting that LIN-53 cooperates with SIN-3 in order to regulate metabolism. To elucidate 235 whether LIN-53 might directly be involved in regulating the expression of 'metabolic' genes, 236
we performed Chromatin Immunoprecipitation with subsequent sequencing (ChIP-Seq) using 237 anti-LIN-53 antibody (Fig. 4G ). The ChIP-Seq analysis revealed that the primary enriched 238 pathway for genes which are bound by LIN-53 and become down-regulated upon loss of LIN-239 53, are implicated in metabolic pathways ( Fig. 4G ). This finding further corroborates the 240 notion that LIN-53 is important for maintaining expression of genes that are important for 241 metabolic processes. Since it is well established that metabolome alterations have a 242 significant impact on aging (reviewed in (Peleg, Feller, Ladurner, & Imhof, 2016), (Finkel, 243 2015)), we propose that LIN-53 is required for normal lifespan of C. elegans because it is 244 maintaining the expression of genes that ensure a wild-type metabolome. 245 246
Loss of lin-53 leads to decreased levels of Trehalose 247
Next, we aimed to assess whether loss of LIN-53 leads to specific changes in the 248 metabolome as suggested by the transcriptome and ChIP-Seq analyses. We examined the 249 metabolome of lin-53 and sin-3 mutants at the young adult stage using Gas Chromatography 250 coupled to Mass Spectrometry (GC-MS) and MS data analysis using Maui-SILVIA (Kuich, 251 Hoffmann, & Kempa, 2014) (see methods) ( Fig. 5A ). Wild-type animals were used as a 252 control, as well as let-418 mutants (NuRD complex). Since let-418 mutant animals do not 253 have a shortened lifespan ( Fig. 2C ), metabolites that change in lin-53 and sin-3 mutant 254 animals, but not in let-418 mutants, are likely to be implicated in the short lifespan phenotype 255 upon loss of lin-53 or sin-3. The unique metabolite, which showed such a pattern was the 256 glucose disaccharide Trehalose. Trehalose levels are decreased in lin-53 and sin-3 mutants 257 but not in let-418 mutants ( Fig. 5A ). Interestingly, it has previously been shown that 258 To provide further evidence that Trehalose reduction contributes to shortening the 267 lifespan in lin-53 and sin-3 mutants, we tested whether feeding of Trehalose would alleviate 268 the aging phenotype (Fig. 5C ). Replenishing lin-53 and sin-3 mutants with Trehalose by 269 feeding resulted in extended lifespans compared to unfed mutants ( In order to test whether LIN-53 is implicated in regulating Trehalose levels via the IIS 281 pathway we first assessed the lifespan of lin-53(n3368); daf-2(e1370) double mutants ( Fig.  282 6A). While the lin-53(n3368); daf-2(e1370) double mutants live longer than lin-53 mutants 283 alone, which is comparable to the lifespan of wild-type animals, they live significantly shorter 284 than daf-2 mutants alone suggesting a requirement for LIN-53 in IIS pathway-mediated 285 lifespan extension ( Fig. 6A ). Similar results were obtained when comparing lifespans of the 286 double sin-3(tm1276); daf-2(e1370) animals with the respective single mutants ( Fig. 6B) . 287
These observations suggested that the previously reported increase of Trehalose levels in 288 daf-2 mutants (Y. Honda et al., 2010) might compensate for the diminished Trehalose levels 289 upon loss of LIN-53 and SIN-3. To test this assumption, we analyzed the metabolome of lin-290 53(n3368); daf-2(e1370) as well as sin-3(tm1276); daf-2(e1370), and found that Trehalose 291 levels in both double mutants are similar to that of wild-type animals ( Fig. 6C ). We therefore 292 concluded that daf-2 mutants suppress the short lifespan of lin-53 and sin-3 mutants by 293 counteracting the Trehalose deprivation upon loss of LIN-53 or SIN-3. 294
Overall, our findings suggest that LIN-53 maintains sufficient Trehalose levels to 295 ensure a normal lifespan in conjunction with SIN-3 and this maintenance has interplay with 296 the IIS pathway in C. elegans. Moreover, the muscle defects and short lifespan in lin-53 297 mutants can be unlinked: LIN-53 is interacting with the NuRD complex to maintain muscles Recent studies revealed epigenetic factors as an emerging group of aging regulators 306 that control gene expression at the level of chromatin (reviewed in (Brunet & Rando, 2017) ). 307
For instance, the ASH-2 trithorax complex regulates aging in C. elegans by catalyzing 308 histone H3 methylation at Lysine residue 4 (K4) (Greer et al., 2010) and loss of epigenetic 309 regulation in mouse hematopoietic stem cells accelerates aging (Chambers et al., 2007) . In 310 the context of aging regulation, one important aspect is whether healthspan and lifespan are 311 intimately linked. Meaning, should we expect that animals or humans with longer lifespans 312 would also be healthy for a longer time? Interestingly, a recent study by the research group 313 of Heidi Tissenbaum suggests, that lifespan and healthspan can be unlinked in C. elegans 314 (Bansal, Zhu, Yen, & Tissenbaum, 2015). For instance, the authors showed that in many 315 cases, when lifespan is extended, there is an increase in the time for which animals live in a 316 frail state (Bansal et al., 2015) . As many aging-regulating pathways are evolutionarily 317 conserved, an unlinking of lifespan and healthspan is conceivable also in higher organisms. 318
Our findings described in this study corroborate this notion as the histone chaperone LIN-53 319 is highly conserved in metazoan species (known as RBBP4/7 and CAF-1p48 in mammals) 320 (Harrison et al., 2006) . We found that overexpression of the chromatin regulator LIN-53 321 specifically in muscles of C. elegans, rescued the lin-53 null-mutant phenotype with regard to 322 the muscle and motility defects. Strikingly, high levels of LIN-53 in muscles are beneficial 323 because motility remained in a healthy wild type-like state even in aged animals. However, 324 while muscle-specific LIN-53 overexpression reconstituted muscle health in lin-53 mutants, 325 the lifespan of these animals remained short, which suggested that the effects of LIN-53 on 326 muscle health and lifespan are separable. Our finding that LIN-53 associates with the NuRD 327 complex in muscles in order to maintain muscle integrity, while its role in lifespan 328 homeostasis is mediated via the Sin3 complex, confirmed this initial assumption. RNA-Seq 329 analysis of mutant lin-53 animals further indicates a global mis-regulation of muscle genes 330 such as the myosin heavy chain-encoding genes unc-54 and myo-3 as well as muscle 331 transcription factors including HLH-1 and HND-1, which could explain the observed muscle 332 and motility phenotypes upon loss of lin-53 and NuRD components. Notably, mutants for the 333 NuRD subunit LET-418 have an increased lifespan, but still show a compromised movement 334
suggesting that loss of the NuRD complex only affects muscle integrity. While the exact 335 molecular mechanism by which LIN-53 regulates muscle homeostasis remains to be 336 determined, our findings provide an important initial framework for elucidating LIN-53's roles 337 in muscles via the NuRD complex. 338
With respect to the aging phenotype of lin-53 mutants we found that the shortened 339 lifespan is caused by loss of the Sin3 complex. Animals deleted for the sin-3 gene 340 phenocopy not only the short lifespan of lin-53 mutants but also show similar patterns of 341 gene expression changes when compared to wild-type animals. The fact that loss of either 342 lin-53 or sin-3 primarily affects mainly the expression of genes related to metabolic 343 processes prompted us to assess changes in the metabolome in these mutants. Strikingly, 344 our analysis showed that Trehalose levels are diminished in both lin-53 and sin-3 mutants, 345 thereby revealing a possible common factor with regard to impacting lifespan regulation. It is 346 known that decreased Trehalose levels result in a shorter lifespan in C. elegans, as, 347 Laminopathies in general might affect RBBP4/7 levels as shown in the laminopathic disorder 371 HGPS thereby recapitulating the phenotypes of lin-53 mutant worms. Hence, reduced levels 372 of LIN-53 and its homologs RBBP4/7 might lead to premature aging and impaired 373 maintenance of muscle integrity in C. elegans as well as humans. Interestingly, it has 374 recently been revealed that the decline of RBBP4 in humans causes cognitive aging and 375 memory loss (Pavlopoulos et al., 2013 
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Lifespan and lococmotion assay 387
For age synchronization, eggs were put on a plate, which was scored as day 0. Worms were 388 grown until L4 stage at 15°C and then transferred to plates containing 5-Fluoro-2′-389 deoxyuridine (FUDR; 10 worms per plate) and further grown at 25°C. The animals were 390 scored daily for survival and the locomotion was classified (categories A -C) (Herndon et al., 391 2002) . Animals that did not show pharyngeal pumping or respond to podding were scored as 392 dead. For data analysis of the survival OASIS was used (Han et al., 2016) . 393 394
Thrashing assay 395
Age synchronized worms were put in a drop of 10 µl M9 buffer and a video was made using 396 the DinoXcope software in combination with a Dino-Lite camera. The video was taken with a 397 resolution of 640x480 with a frame rate of 24.00 fps for 30 seconds at normal quality. The 398 calculation of the body bends was carried out using the ImageJ Plugin wrMTrck (Jesper S. 399
Pedersen) with the according settings. 400 401
Immunostaining and antibodies 402
Staining was carried out as previously described (Seelk et al., 2016) . In brief, worms were 403 freeze-cracked after resuspension in 0,025 % glutaraldehyde between two frost-resistant 404 glass slides on dry ice. The animals were fixed using Acetone/Methanol for 5 min each and 405 washed off into PBS. Afterwards the sample was blocked in 0,25 % Triton + 0,2 % Gelatine 406 in PBS and stained. Primary antibodies were diluted in PBS with 0,25 % Triton + 0,1 % 407
Gelatine and the fixed worms were incubated overnight at 4°C. After PBS washes secondary 408 antibody was added for 3 hrs. Worms were mounted with DAPI-containing mounting medium 409 (Dianova, #CR-38448) on glass slides after further washing steps. The primary antibodies 410 used were anti-MHC (1:300; DHSB #5-6-s) and anti-LIN-53 (1:800, Pineda). As Secondary 411
antibodies Alexa Fluor dyes were applied at 1:1000 dilution.For phalloidin staining the worms 412 were harvested with PBS and fixed with 4% formaldehyde in PBS. For freeze-cracking 413 worms were frozen in liquid nitrogen followed by thawing at 4°C for three times. The samples 414 was incubated for 30 min followed by three times washing with PBST for 10 min. Phalloidin-415 rhodamine in PBST was added and incubated for 30 min on room temperature. After a last 416 washing for three 10 min in PBST the worms were mounted on slide using mounted with 417 DAPI-containing mounting medium (Dianova, #CR-38448). Microscopy was done using the 418 Zeiss Axio Imager 2 fluorescent microscope. 419 420
RNA interference 421
RNA inference was usually carried out as P0, meaning that eggs were put on RNAi plates 422 and the same generation was scored. Worms were bleached and eggs were put on RNAi 423 plates seeded with bacteria expressing dsRNA or carrying an empty RNAi vector and grown 424 at 15°C until they reached L4 stage. If animals were used for a lifespan experiment, 10 425 animals were put on one RNAi plate containing FuDR and cultured further at 25°C. For 426 monitoring of the muscle structure worms were grown at 15°C until they reached the stage of 
Co-Immunoprecipitation with subsequent Mass Spectrometry (IP-MS) 442
Worms were synchronized by bleaching and grown on 5 -10 15 cm plates until L4 stage. 443
Worms were washed off the plates using M9 buffer and freeze-cracked by adding the worm 444 suspension dropwise to liquid nitrogen, pulverized using a hammer and a bio-pulverizer for 445 20 -30 times and afterwards ground to a fine powder using a mortar. The powder was 446 thawed and dissolved in 1,5 vol lysis buffer (50 mM HEPES-KOH (pH 7,6); 1 mM EDTA; 0,25 447 M LiCl; 1% sodium deoxycholate; 0,5 % NP-40; 100 mM NaCl; 10% Glycerol + 1 tablet of 448
Complete in 10 ml of buffer). In order to shear DNA, the sample is sonicated using 449
Bioruptor® device for six times with 30 sec ON and 30 sec OFF on high settings. The lysate 450 is cleared by spinning and µMACS-DKYDDDK (Milteny Biotec) are added and incubated for 451 30 min on ice, before the mixture is applied on a magnetic M column. After washing three 452 times with lysis buffer the samples are eluted using 8 M guanidiniumhypochlorid pre-heated 453 to 80°C for mass spectrometry (MS). Sample preparation for MS was done as described 454 previously (Hajduskova et al., 2018) . Raw MS data was analyzed using MaxQuant Software 455 (Cox & Mann, 2008) . 456
457
RNA extraction 458
Whole transcriptome sequencing was carried out as previously described (Kolundzic et al., 459 2018) . In brief, RNA was extracted from control, lin-53(n3368), lin-53(bar19) and sin-460 
Analysis of RNA-seq data 479
The RNA-seq sequencing datasets were processed using the PiGx-RNAseq (Wurmus et al., 
ChIP-Seq 492
In brief, in M9 arrested L1 worms were grown on OP50 plates for 40h to L4/YA stage at room 493 temperature. Animals were washed three times with M9 and fixed with 2% formaldehyde for 
Data availability 529
To see a detailed description of the downstream analysis of RNA-seq and ChIP-seq data, 530 see the github repository: https://github.com/BIMSBbioinfo/collab_seelk_tursun_lin53_paper 531 532
Metabolome analysis 533
Wild type, daf-2(e1370), lin-53(n3368), sin-3(tm1276), daf-2(e1370); lin-53(n3368) double 534 mutants were analyzed at L4 stage. For sample-collection worms were synchronized by 535 bleaching and transferred to NGM-plates containing OP50 as food source. Worms were 536 grown at 15°C until L3/4 stage and then shifted to 25°C until young adult stage. Worms were 537 harvested in M9 medium and adjusted to approx. 40 mg of worms per sample. The sample 538 extraction is performed by using methanol::chloroform::water (5:2:1, MCW; 1 ml per 50 mg 539 sample). To lyse worms and immediately bring the metabolites in solution 500 µl ice-cold 540 MCW (with cinnamic acid) is added to the frozen worm sample. The sample was transferred 541 to a new tube containing Silica beads and lysed using mechanical force with a tissue lyser at 542 6.500 m / s , 2x20 sec ON, 5 sec OFF for three times. To further solubilize, the lysate was 543 sonicated for 10 min in an ultrasound bath. As much supernatant as possible was taken off 544 the beads and the left over MCW (x -500 µl) was added, the sample was vortexed and 545 shortly incubated on dry ice. After shaking for 15 min, 1.400 rpm at 4°C 0,5 vol of water were 546 added for phase separation. The sample was vortexed and shaken for 15 min, 1.400 rpm at 547 4°C. Vortexing was repeated and the sample was spun at max. speed, 4°C for 10 min to 548 ensure phase separation. The polar phase was taken off and further prepared for 549 measurement. The polar phase was dried overnight in a speed vac followed by 550 derivatization. For this, first 10 µl of 40 mg / ml methoxyamine hydrochloride (MeOx) solution in 551 pyridine is added and incubated for 90 min at 30°C with shaking. Afterwards 30 µl N-Methyl-552 N-(trimethylsilyl) trifluoroacetamide (MSTFA) is added to the sample. Per 1.000 µl of MSTFA 553 10 µl of a standard retention index mixture of different decanes (C17 mix) is dissolved in 554 MSTFA. Everything is incubated at 30°C for 1 h with shaking. After spinning down for 10 min 555 at full speed the samples are put into glass vials for the GC-MS. The data analysis was 556 carried out using Maui-SILVIA (Kuich et al., 2014) . SIN-3 leads to shortened lifespan (violet line; mean lifespan 10,46 ± 0,15 days, p-value < 788 0,0001; compared to control; grey line; mean lifespan 13,66 ± 0,26 days. Survival analysis 789 was carried out using Kaplan-Meier-estimator, p-value was calculated using Log-Rank Test. 790
The experiment was done at least three times with at least 40 animals per repeat. (B -E) 791
Lifespan analysis of different mutants from the DRM, Nurf, CAF1 and HAT1 complex. 792
Survival analysis was carried out using Kaplan-Meier-estimator, p-value was calculated using 793
Log-Rank Test. The experiment was done at least three times with at least 40 animals per 794 repeat. 3 mutants is partially rescued after feeding with Trehalose (mean lifespan of lin-53 mutants 816 on trehalose 10,98 ± 0,13 days; lin-53 mutants 8,58 ± 0,13 days, p-value < 0,0001; mean 817 lifespan of sin-3 mutants on Trehalose 10,46 ± 0,15 days; sin-3 mutants 10,46 ± 0,15 days, 818 p-value < 0,0001). The experiments were carried out three times with at least 40 animals 819 scored per repeat. Survival analysis was done using Kaplan-Meier-estimator, p-value was 820 calculated using Log-Rank Test. short lifespan of lin-53 mutants is partially rescued by daf-2. wt animals (grey line; mean 824 lifespan 13,66 ± 0,26 days), lin-53 mutants (red line; mean lifespan 8,69 ± 0,16 days), daf-2 825 mutants (green line; mean lifespan 28,29 ± 0,75 days), daf-2; lin-53 double mutants (orange 826 line; mean lifespan 14,02 ± 0,47 days). Triplicate experiments were carried out with 40 827 animals per repeat. Survival analysis was carried using Kaplan-Meier-estimator, p-value was 828 calculated using Log-Rank Test. (B) As seen for lin-53 mutants, short lifespan of sin-3 829 mutants is suppressed by the daf-2(e1370) mutation. wt animals (grey line; mean lifespan 830 13,66 ± 0,26 days), sin-3 mutants (violet line; mean lifespan 10,46 ± 0,15 days), daf-2 831 mutants (green line; mean lifespan 28,29 ± 0,75 days), daf-2 sin-3 double mutants (brown Overexpression of lin-53 in muscles (myo-3p::lin-53 and myo-3p::GFP::lin-53) has beneficial 854 effects on movement during aging. Body bends in liquid of L4 larvae, 3 days old adults, and 855 6 days old adults were measured. Upon overexpressing of lin-53 in muscles at older stages 856 of adulthood, worms move significantly better than control animals. Statistical analysis was 857 carried out using unpaired one-way ANOVA; *** p < 0,0001, ns = not significant. (E) The 858 CRISPR mutant lin-53(bar19) has a decreased lifespan by 4 days (p-value < 0,0001). Wild-859 type (wt) animals (grey line; mean lifespan 13,66 ± 0,26 days), lin-53(bar19) CRISPR 860 mutants (red line; mean lifespan 9,12 ± 0,14 days), the experiment was carried out three 861 times with at least 50 animals per repeat. Survival analysis was carried using Kaplan-Meier-862 estimator, p-value was calculated using Log-Rank Test. 863 were identified using permutation-based false discovery rate (FDR)-corrected two-sided t-872 test. The label-free quantification (LFQ) intensity of FLAG-pull down relative to control was 873 calculated as difference and plotted on the x-axis against them -log 10 -transformed P-value of 874 the t-test on the y-axis. The significance level (black line) was set to 0,05. Together with LIN-875 53 (red) the NuRD members LIN-40, LET-418 and HDA-1 (blue) were enriched suggesting 876 that LIN-53 is interacting with the NuRD complex in muscles. 877 (lin-53 RNAi, red line; mean lifespan 12,64 ± 0,26 days; control RNAi grey line 12,28 ± 0,22 880 days; p-value < 0,0919). The experiment was carried out three times with 30 animals per 881 repeat. Survival analysis was carried using Kaplan-Meier-estimator, p-value was calculated 882 using Log-Rank Test. 883 mutants. Expression decreases only in lin-53 and sin-3 mutants. Relative expression was 894 calculated using the Livak method and statistics was done using unpaired t-test (*** p-value < 895 0,001, ** p-value < 0,05). 896
